The valence band is located at inorganic part of the molecule while the conduction band is made of carbon-based orbitals. This suggests a great importance of hydrogen bonds where iodine atoms play the role of an acceptor. Weak intermolecular interactions between iodine atoms and aromatic rings are essential in a band structure formation. These materials form orange-red crystals soluble in most of organic solvents. Their semiconducting properties are addressed experimentally via photovoltage measurements, as well as theoretically, using DFT and semiempirical approaches.
Strong bonds (covalent, ionic) induce formation of band structure where allowed energy states form continuous conduction and valence bands, with a broad bandwidth (inorganic semiconductors, like Si or ZnS). On the other hand, weak van der Waals and hydrogen bonds dominate in organic crystals. The strength of the intermolecular interactions is reflected in their band structure and density of states. 1 The weaker intermolecular interactions are, the thinner and the less continuous bands are formed. 2 Organic semiconductors (polymers and small molecules) have in common a π-electron system formed by the pz orbitals of sp 2 hybridized carbon atoms. 3 In organic semiconductors weak van der Waals and hydrogen interactions govern the formation of crystal structures. In hybrid materials both scenarios are possible. Covalently bonded metal halides and charged layers held together by ionic interactions make perovskites more similar to inorganic semiconductors, in which the layered structure provides a suitable arrangement for a high charge carrier mobility. 4 Hybrid materials combine properties of organic and inorganic semiconductors.
Perovskites have the corner sharing metal halide octahedra that form an anionic lattice and organic cations form a network for the inorganic structure. Observed properties in this group of materials have the origin in the connectivity of the inorganic sublattice-organic cations are used to tune the electronic properties by structural templating. 5, 6 There are also materials which cannot be classified as perovskites, but are based on similar building blocks. [7] [8] [9] For example, the anionic metal halide octahedra lattice was found in a hybrid material where negative charge of inorganic sheets is compensated by a non-innocent tropylium cation, involved in a charge transfer interaction within the lattice of (C7H7PbI3). 10 In this compound the electrostatic interactions between organic and inorganic components held the structure together.
In neutral SnI4L2 complexes described in this paper, in contrary to the inorganic and the majority of hybrid semiconductors, the weak interactions are responsible for formation of the band structure. These materials are hybrid semiconductors with tin(IV) iodide complexed by two organic ligands. Organic and inorganic molecules are connected by coordination bonds between oxygen and tin atoms unlike the other hybrid materials, molecules of these materials are held together by weak van der Waals interactions and hydrogen bonds.
The crystal structure of tin tetraiodide was reported in literature for the first time in 1923.
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Since then the topic of SnI4 properties has been discussed in several papers, mostly during 60-80's.
[ complexes were studied. The influence of different ligands on electronic properties and correlation between intermolecular interactions and the electronic structure have been described on the basis of theoretical calculations, experimental studies and a crystal structure analysis. A particular attention was paid to the CH … I interaction which influences properties of these complexes.
Experimental

Syntheses
SnI4: Tin powder (1 g) and iodine (3 g) were heated at 40 °C in anhydrous dichloromethane (100 mL), under reflux until the reaction mixture turned dark orange. The solution was then filtered, concentrated to 50 mL and cooled in an ice bath. Precipitated orange solid was filtered to remove unreacted tin, dried and recrystallized from chloroform, yielding orange crystals of SnI4 (2.7 g).
Yield: 51%. 
X-Ray crystallography
Data collection and reduction: Diffraction data for single crystal were collected at 120 K using the Oxford Diffraction SuperNova four circle diffractometer, equipped with the Mo (0.71069 Å) Kα radiation source, graphite monochromator and Oxford CryoJet system for measurements at low
temperature. Cell refinement and data reduction were performed using the firmware. 15 Structure solution and refinement: Positions of all of non-hydrogen atoms were determined by direct methods using SIR-97. 16 All non-hydrogen atoms were refined anisotropically using weighted fullmatrix least-squares on F2. Refinement and further calculations were carried out using SHELXL-
97
. 17 Graphics were created by MERCURY. 18 Whole used software is a component of the WINGX. 19 Hydrogen atoms treatment: All hydrogen atoms joined to carbon atoms were positioned with an idealized geometry and refined using a riding model with Uiso(H) fixed at 1.2 Ueq of C.
Computational details
Optimized molecular structures of the studied complexes were obtained from experimental crystal structure. Firstly, structures were optimized in vacuum (UFF) using the Avogadro software package, 20 Charge decomposition analysis was performed using AOMix program and population analysis performed by the Gaussian 09 program DFT theory with the DGDZVP basis set.
Kelvin probe measurements
Surface photovoltage (SPV) measurements were performed using Kelvin probe-based surface photovoltage spectrometer (Instytut Fotonowy, Poland, and Besocke Delta Phi, Germany) using 150 W xenon arc lamp with a monochromator. Work function (WF) and Fermi level (FL) were measured with Kelvin probe. Samples before measurements were deposited on ITO foil.
Resistivity measurements
Room temperature resistivity measurements were performed with Keithley 4200 SCS.
Thin layers of dissolved compound were spin coated on glass substrate and measured with four point probe technique. Film thicknesses were measured using Bruker's DektakXT TM Stylus
Profiler.
UV-Vis spectroscopy, 1 H NMR and elemental analysis.
Diffuse reflectance spectra were recorded on Lambda 950 (Perkin Elmer, USA)
spectrophotometer. Kubelka-Munk function was used to convert the diffuse reflectance spectra into absorption spectra. Absorption spectra were recorded with HP 8453. 1 H NMR spectra were recorded with Bruker Avance III 600 MHz. Elemental analyses were taken with elemental microanalyzer CHNS Vario Micro Cube.
Results and discussion
Crystal structure and interactions
Crystal . 31 Stacking distances and selected interatomic distances of iodide are collected in Table 1 . The arrangement of iodide-rings contacts is presented in Figure 4c . In this structure also an intermolecular halogen bond between I1 atom and O2 atom is observed. The π interaction is represented by an offset parallel arrangement of two pyridine rings. The type I halogen contact was found with the 3.837 Å I … I distance (Figure 4e) . 32, 33 This and other contact distances are listed in Table 1 . Table 1 , provide a significant orbital overlap and hence an efficient electron transfer upon excitation. After excitation, electron is transferred from iodine atom to aromatic rings. Subsequently, it can travel through the crystal structure due to the π-stacked assembly of the rings. One can notice in Figure   6 formation, the n factor is often equal to unity (as used in Figure 9 ). The analysis of crystallographic structures of the compounds reveals the presence of those weak interactions between individual molecules in the crystals of studied materials. Therefore it seems reasonable to use n=1 for the studied compounds. 38 Optical band gaps and calculated by TDDFT lowest transitions (for isolated, optimized molecule in vacuum), are collected in Table 3 
Surface photovoltage (SPV) measurements
Surface photovoltage measurements were used to determine the majority current type. It is a widely used noncontact method, based on changes of surface and near surface potential distribution under illumination. Band bending (upward for n-type, downward for p-type semiconductors) is a result of many factors, including surface dipole, termination of crystal structure, doping, surface states, crystal structure defects and many others. Under illumination of the semiconductor surface, minority current carriers travel to the surface causing flattening of bands. The measurements of CPD allow to determine the type of conductivity. In general:
where e is the electric charge, ΔCPD is the contact potential difference, SPV is the surface photovoltage. 41 Differential surface photovoltage spectra of examined compounds ( Figure 11) point at n-type of tin tetraiodide complexes (negative CPD) with a small excess of majority current curriers (a small absolute value of CPD). N-type conductivity might be caused by I  vacancies, associated with a partial reduction of Sn(IV) centers. The n-type conductivity may be caused by a partial reduction of Sn(IV) centers (and hence iodide depletion). 42, 43 Iodide vacancies in similarly composed perovskites were described in literature as the primary source of charge carriers, 44 this statement also supports observation of iodine sublimation from long-time stored materials. The spectral range of SPV response (UV and Vis) is consistent with solid state absorption spectra.
Work function (WF) and Fermi level (FL)
Measurement of (Figure 12 ). Due to a significant discrepancy between predicted and observed electron affinities (LUMO energy), which is a well-known problem of the DFT method, 45 the value of original LUMO energies were corrected by adding to HOMO energies the value of the lowest allowed transitions (Table 3 ) to obtain a more reasonable energy diagram.
This correction is often used to calculate LUMO energy levels. 46 Theoretical values of Fermi level energies were estimated on the basis of DFT calculations and Janak's theorem as follows:
where EF is Fermi level energy, EHOMO and ELUMO are energies of HOMO and LUMO orbitals. The results of these calculations show that theoretical and measured Fermi levels of complexes are consistent and localized around the middle of energy gap. For SnI4 the measured Fermi level is located close to the LUMO level and significantly differs from the theoretical Fermi level energy, which indicates more defects in SnI4.
Conclusions and outlook
The current study can be summarized in four points indicating the main findings regarding 
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Coordination compounds which combine metal centre, organic and inorganic ligands are a new class of molecular hybrid semiconductors. Experimental and theoretical approaches have been used to support the assumption that in these materials weak intermolecular interactions between inorganic and organic ligands are essential in a band structure formation.
